The poly(dA) dependent Ti, polynucleotide ligase catalyzed polymerization of oligodeoxythymidylates is dependent upon duplex stability. The antibiotics ethidium bromide, netropsin and Hoechst 33258 stabilize the duplex poly(dA)-p(dT) n (n = 6-10) to thermal denaturation. 
INTRODUCTION
Polynucleotide Ugases catalyze the synthesis of phosphodiester bonds between adjacent 3'-hydroxyl and 5'-phosphoryl termini 1n nicked duplex DNA. The detailed mechanism of action for the E. coli and T h Infected E. ooli enzymes, involving enzyme activation followed by DNA activation and finally internucleotide bond formation, has been elucidated 1 . DMA ligases, the Ti, Induced enzyme especially, have proved to be indispensable tools 1n the synthesis of defined duplex DMAs and recombinant DNA molecules 2 ' 1 *. Previously, melting profiles of oligodeoxynucleotide-polynucleotide duplexes had demonstrated that under the conditions used for the enzyme catalyzed reations the oligonucleotides and polynucleotides are able to form a stable duplex in the absence of enzyme 5 . The minimum length of oligomers which can be joined is determined by their ability to form a duplex with the polynucleotide at a given temperature. Thus the stability of the substrate duplex is critical 1n determining the temperature at which the DNA ligase catalyzed reaction takes place, especially 1n the case of short oligonucleotides. Since DNA binding antibiotics stabilize duplex DNA 6 , these compounds could be used to raise the optimal ligase reaction temperature and also possibly decrease the minimum length of oligomers which can form a stable duplex with a polynucleotide and be a substrate for polynucleotide ligase. A model system for the study of antibiotic stabilization of DNA 1s the duplex consisting of oligodeoxythymidylates base paired to polydeoxyadenosine. It has been reported that in these duplexes, the optimum of Ugase catalyzed joining was a function of the reaction temperature 7 .
The optimum temperature was found to be characteristic of the nucleotide length of the oligomer. Using this model system the effect of the Intercalating drug ethidium bromide, and the A-T specific minor groove binding drugs netropsin and Hoechst 33258, on the temperature joining profiles of a series deoxyoligothymidylates has been examined. Both the extent of joining in this reaction and the product distribution were determined in the presence and absence of the antibiotics. A preliminary account of this work has been reported 8 .
MATERIALS AND METHODS a) Materials
Ti^ induced polynucleotide ligase and kinase were prepared from infected E. coli as described previously 9 . Bacterial alkaline phosphatase (Pase) was obtained from Worthington Biochemicals and myosin ATPase was a gift from Dr. G. H. Dixon. E. coli DNA 'polymerase I was isolated using a published procedure 10 .
The oligodeoxythymidylates d(pT) 6 , d(pT) 8 and d(pT)i 0 were synthesized by the chemical polymerization of dpT and isolated as described previously 11 . The polynucleotides poly(dA) and poly(dT) were isolated by preparative alkaline cesium chloride density gradient centrifugation of poly(dA)-poly(dT) 12 . The latter polymer was prepared from poly(rA)-poly(rll) using DNA polymerase I. Concentrations of all poly and oligonucleotides were determined using published extinction coefficients 13 . and 5 mM MgCl 2 . The solutions were heated by boiling for 2 minutes and then slowly chilled over a half hour period to 5°C, then transferred to the spectrophotometer which was at the same temperature. The oligonucleotide-polynucleotide complex was subjected to thermal denaturation and renaturation in the presence of increasing concentrations of antibiotic. The hyperchromic effect observed for the DNA-antib1otic complex was corrected for spectral changes of the antibiotic itself. The antibiotics bound to DNA could directly interfere with the polynucleotide Ugase joining reaction. Therefore two different oligodeoxythymidylates were allowed to be polymerized by T^ polynucleotide ligase 1n the presence of increasing antibiotic concentrations. Figure 2 shows the Inhibition studies on the d(pT) 10 -poly(dA) duplex. The reactions were carried out at 15°C to insure that the oligodeoxythymidylate was in the duplex form with poly(dA). Ethidium bromide showed no inhibition at ratios of antibiotic to nucleotide phosphate as high as 2.5. However both Hoechst 33258 and netropsin showed inhibition at ratios of 0.6 and 0.4 antibiotic to nucleotide phosphate respectively. When a shorter oligodeoxythymidylate, d(pT) 6 , was used it was found that ethidium bromide again had no effect on the joining reactions. The antibiotic Hoechst 33258 inhibited at a lower drug to DNA ratio (0.04). than Reactions were carried out at 15°C by using Increased drug to DNA phosphate ratios. Reactions were analyzed as described in Methods. 10 were all annealed to poly (dA) 1n the absence and presence of antibiotics. Polynucleotide ligase was added at a range of temperature and the extent of joining followed as previously mentioned. Figure 3A Figure 3B; H, .06, N, .04, E, 1.25. Figure 3C, H, .035, E. 1.25. amount of measurable polynucleotide ligase joining was also higher than that found in the control at the temperature optimum of joining of 5°C. Thus the antibiotic Hoechst 33258 significantly stabilized the duplex consisting of d(pT) 6 10 system was found when the reactions were carried out at higher temperature using higher netropsin (or Hoechst 33258) to DNA ratios. At the higher temperature less net antibiotic is bound to DNA and the antibiotic to nick ratio is decreased. Secondly, when shorter oligodeoxythymidyiates are annealed to the poly(dA) template, resulting in an increase in the number of nicks along the DNA, a lower netropsin (or Hoechst 33258) to DNA ratio has to be used in order not to inhibit the DNA ligase. Previous studies on groove binding Inhibitors (polyamines) of Ti, polynucleotide ligase had Indicated a large increase in the apparent Km of the enzyme for the DNA substrate suggesting that the affinity of the enzyme for the DNA substrate is decreased in the presence of inhibitors 22 .
Igomer. Three oligomers d(pT) 6 , d(pT) 8 and d(pT)
Even though the thermostability of the duplex d(pT) 10 *. This is especially true at the low temperature (16°C), while at higher temperature a more mobile duplex-antibiotic complex 1s favoured resulting in the control and antibiotic reactions having similar product distributions.
In summary, DNA duplexes consisting of short oligonucleotides bound to a polynucleotide template can be stabilized by antibiotics resulting in higher rates of T,, polynucleotide ligase catalyzed joining at higher temperatures. The use of antibiotics may be applied to any system where the extent of an enzyme reaction is limite'd by the stability of the DNA substrate.
